In several plant species, which show small and morphologically similar chromosomes, such as those of T. sidoides (Solís Neffa and Fernández 2002) , chromosome banding and fluorescence in situ hybridization (FISH) provided useful information for karyotype characterization and evolutionary studies (Zoldos et al. 1999; Schrader et al. 2000; Ran et al. 2001; Baeza Perry and Schrader 2004; Pedrosa-Harand and Guerra 2004, Robledo and Seijo 2010) . The detection of constitutive heterochromatin by the simultaneous using of chromomycine A3 (CMA) and 4',6-diaminio-2-phenylindole (DAPI) fluorochromes, which preferentially binds to GC-rich and AT-rich DNA, respectively, were particularly informative for the karyotype characterization of related species (Guerra et al. 2000; Cabral et al. 2006; Robledo et al. 2009 ). Further, the application of FISH to detect the chromosomal location of the ribosomal RNA genes (rDNA) provided variable patterns that aids in the identification of homologous chromosomes and in tracing evolutionary pathways of karyotype change (Ansari et al. 1999; Moscone et al. 1999 Besides the morphological variation, different ploidy levels with x= 7 were found in T. sidoides (Fernández 1987; Solís Neffa and Fernández 2001; Solis Neffa et al. 2004; Roggero Luque 2010 , Elias et al. 2011 Speranza et al. 2007, Kovalsky and Solís Neffa 2012) . In T. sidoides subsp. carnea, subsp. holosericea and subsp. pinnatifida diploid, tetraploid (2n= 4x= 28) and hexaploid (2n= 6x= 42) cytotypes were found. Furthermore, spontaneous triploid cytotypes (2n= 3x= 21) were found in the subspecies carnea and pinnatifida (Elias et al. 2011; Kovalsky and Solís Neffa 2012) . T. sidoides subsp.
integrifolia has a polyploid series with ploidy levels from diploid to octoploid (2n= 8x= 56); while only tetraploids were found in the subspecies sidoides. From the study of meiosis and pollen viability it was suggested that polyploids in the complex would have an autopolyploid origin (Fernández 1987; Solís Neffa 2000) . These observations were supported by results obtained from the analysis of the effect of polyploidy in some morphological, cytological, isoenzymatic and biochemical features (Solís Neffa 2000; Solís Neffa and Fernández 2002; Solís Neffa et al. 2003) .
From an evolutionary point of view, T. sidoides is a polytypic species in process of diversification (Solís Neffa and Fernández 2001) . Cytogeographic analyses of more than 100 populations (Solís Neffa and Fernández 2001; Speranza et al. 2007 , Solís Neffa et al. 2004 Roggero Luque 2010; Elías et al. 2011 ) demonstrated that most of the subspecies distribution is covered by tetraploid cytotypes, which occasionally overlaps.
Hexaploids, octoploids and odd-polyploids are rare and usually located at marginal areas. More important to this study is that diploid populations are very rare (except in subspecies pinnatifida, that although rare, they were more frequently recorded) and occupy extremely restricted and disjunct areas. That is, only one diploid population was recorded for subspecies holosericea and integrifolia, two for subspecies carnea and none for the subspecies sidoides. antibodies were performed according to Moscone et al. (1996a) and Chalup et al. (2012) . The first set of antibodies (Sigma-Aldrich) consisted of anti-biotin produced in mouse and anti-digoxigenin conjugated to fluorescein-5-isothiocyanate (FITC) produced in sheep. The second set (Sigma) consisted of anti-mouse conjugated to tetramethyl-rodamine isothiocyanate (TRITC) produced in rabbit and anti-sheep conjugated to FITC produced in rabbit. Preparations were counterstained and mounted with Vectashield medium containing 2 mg/ml of DAPI.
Fluorescence microscopy and image acquisition
Chromosome preparations were observed and photographed with a Leica DMRX epifluorescence microscope equipped with a computer-assisted digital camera system. Red, green and blue images were captured in black and white using the appropriate excitation filters for TRITC, FITC and DAPI, respectively. Digital images were then pseudo-colored and combined using the Adobe Photoshop version 7.0 (Adobe, San Jose, California, USA).
Data analysis
Statistical analyzes were performed using the Infostat software, version 2014 (Di Rienzo et al. 2014) . In order to assess the similarity among subspecies and morphotypes based on the patterns of heterochromatic bands and rDNA loci a cluster analysis was performed. A data matrix of 6 taxa × 6 characters was constructed from which a distance matrix was obtained using the Gower index. The taxa were clustered using the D r a f t unweighted pair-group method (UPGMA) and arithmetic averages (Sokal and Sneath 1963) . The cophenetic correlation coefficient (r) was computed as a measure of the distortion introduced during the clustering (Sokal and Rohlf 1962) . The results of this analysis were compared to those obtained from morphological data (leaves: elliptic, obovate; the incision degree of the leaf blade: entired, pinnatifid, pinnatisected; secondary veins: incurved, excurved; indumentum: lax, lanate-sericeus, hirsute, stellated and, color of the flower: light pink, dark pink, salmon, ornage, yellow). To do this a data matrix of 6 taxa × 5 morphological characters was constructed from which a distance matrix was obtained using the Gower index. The taxa were clustered using the unweighted pair-group method (UPGMA) and arithmetic averages (Sokal and Sneath 1963) .
Results
The results obtained from the experiments of CMA/DAPI banding and FISH in diploid populations of T. sidoides are shown in Figures 1-3 . Since the patterns of heterochromatin and rDNA loci were conserved among populations of each taxon analyzed, karyotype data for each subspecies and morphotypes are summarized in Table   2 for the subspecies and morphotypes.
In the subspecies and morphotypes analyzed, all the CMA + /DAPI -bands detected were associated with the secondary constrictions ( Fig. 1) Table 2 ). Notoriously, in the terminal 45S loci, the signal not only covered the secondary constriction but also the micro (in subsp. pinnatifida) and the macrosatellite (in subsp. holosericiea). All the T. sidoides taxa presented one 5S rDNA loci at terminal position, except T. sidoides subsp. holosericea that presented two pairs of loci, one at interstitial and the other at terminal position (Table 2 ; Fig. 1F ). The counterstaining with DAPI after pretreatment for FISH revealed small heterochromatic bands at telomeres and centromeres in some of the taxa analyzed (Figs. 1F, 2F ).
Moreover, the heterochromatin CMA + /DAPI -were also highlighted with DAPI counterstaining after FISH experiments.
The phenograms obtained from cluster analysis based on morphological data and the patterns of heterochromatic bands and rDNA loci are shown in Figure 3 . A high correlation between the cophenetic matrix and the distance matrix was observed in both analysis (r= 0.98 and 0.99, respectively). The phenogram obtained from morphological data (Fig. 3 A) showed that cluster I includes the subspecies carnea and holosericea;
while cluster II includes the morphotypes of subspecies pinnatifida. Of them, the chaqueño, andino and serrano morphotypes grouped separately from the pampeano one two groups. The phenogram obtained from chromosomal data (Fig. 3 B) showed that D r a f t the subspecies carnea is the first to be separated from the other two, followed by the subspecies holosericea. Within the subspecies pinnatifida, the chaqueño, pampeano and serrano morphotypes grouped separately from the andino one.
Discussion
In this paper the patterns of heterochromatic bands and 45S and 5S rDNA loci of ten diploid populations representative of three subspecies and four morphotypes of the T. In the particular case of the andino morphotype of the subspecies pinnatifida, the fact that the CMA + /DAPI -additional bands were not found associated with 45 S rDNA loci evidenced that they may be composed of GC-rich DNA different from rDNA genes.
Such bands are usually much rarer than the CMA + bands associated with NORs in most plant groups, but in some taxa, GC-rich bands are very diversified and highly dominant or even exclusive, as in the genus Capsicum (Moscone et al. 1996b ) and in the 
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